Electron diffraction with amorphous FegoB20 and Mn73Si27 yields structure factors and pair correlation functions which are discussed together with the results of X-ray-and neutron-diffraction experiments. For Mn73Si27 additional interesting details are revealed. A tetrahedral model for Mii73Si27 is described. Finally we show that the evaluation of partial structure factors by the three beam experiment, i.e. the combination of an electron-, X-ray-and neutron-diffraction experiment is not possible in general.
Introduction
Recently the partial structure factors of amorphous FesoB2o [1] , and under restrictions also of Mn73Si27 [2] , have been determined by means of X-ray-and neutron-diffraction. Since a newly developed SHEED-apparatus [3] is now available, in this paper these substances have been investigated by electron diffraction. The obtained total structure factors are discussed together with the results obtained in [1, 2] . A method for the correction for the influence of multiple scattering given in [3] has been used in the quantitative evaluation of the electron diffraction patterns.
Theoretical Fundamentals
For a binary alloy the three partial distribution functions gAA, QBB , and gAB contribute to the total pair distribution function: 
9(r) =
2CACB
S(Q) = -^SAA(Q) +-^-Sbb(Q)
• 2^Uh sAB{Q)
with Q = 4 ji sin Oß and A = wavelength of the radiation used.
The total structure factor is obtained from the coherently scattered intensity I{Q): 
S(Q) = (3)
Integration of the radial distribution function
0340-4811 / 82 / 1100-1215 $ 01.30/0. -Please order a reprint rather than making your own copy.
over the first maximum yields the correspondingcoordination number. The structure in a binary alloy can also be described using the correlation functions of the density-and concentration-fluctuations [4] , i.e. by <7NN and gcc-The mutual dependence of these two functions is described by the cross term and we obtain in analogy to (1) .
Af = fA-fB.
The structure factor S(Q) from (3) can be described in terms of the partial Bhatia Thornton structure factors which are the Fourier transforms of the corresponding correlation functions of (7):
gr^N describes the spatial correlation between density fluctuations, i.e. the deviation of the local density from the mean density. By the global structure of the system is described without distinction of the two kinds of atoms, gcc describes the spatial correlation of concentration fluctuations. It contains information about the chemical short range order within the corresponding substance. For the statistical distribution of both kinds of atoms one obtains gcc = 0. Distances between atoms of equal kind are represented by maxima of the function gcc, distances between atoms of unequal kind by minima. Different size of the atoms causes the concentration-and density-fluctuations to depend from each other. This cross correlation is described by <7NC , which becomes zero for atoms of equal size.
Experiments, Evaluation, and Discussion
The preparation of the specimens was described in [5] . By melt spinning using a copper cylinder, amorphous ribbons with a thickness of 5 to 10 p.m were produced. Thereby the rotation velocity of the cylinder was chosen as large as to obtain ribbons 2.00 4.00 6.00 6-00 10-00 12.00 14-00 QlX-'l with a large amount of holes which on their circumference show areas convenient for the production of electron diffraction diagrams.
i) Fe%oB2o Figure 1 shows three of the diffraction patterns obtained with amorphous FesoB2o, and the </ 2 >-curve. Using these curves, first of all the influence of multiple scattering shall be discussed. The solid line 1 shows good agreement with </ 2 > for large Q's. The lines corresponding to runs 2 and 3 show an intensity distribution which is clearly influenced by multiple scattering (see [3] ).
The evaluation showed that the accordance of the uncorrected curve withiV</ 2 > (Fig. 1) , where N is the normalization constant, is no sufficient criterion for the necessity or unnecessity of a correction for multiple scattering. However, such a criterion exists if one wants to calculate the total structure factor according to (3) . For example, curve 1 in Fig. 1 yields the solid line structure factor in Fig. 2 which does not oscillate around unity at higher Q-values. The behaviour in this region forms a good criterion for the choice of the parameter //IQ of the correction procedure for multiple scattering. The dashed line in Fig. 2 shows the total structure factor obtained using the optimized parameter ///o • Compared to the original curve, the corrected structure factor oscillates around unity up to very large Q's and is enhanced in the region of the first maximum. Though it is to be expected that by applying the correction procedure the split of the second maxi-e.OO 8-00 10-00 12.00 QlX-'l mum should become more pronounced we can state that in this region a loss of information caused by the correction procedure can be observed. Figure 3 b shows the corrected experimental curve for the second run in Fig. 1 together with iV<(/ 2 >. Compared to the uncorrected curve in Fig. 3 a the accordance with iV</ 2 ) at higher Q's is improved and the maxima at lower Q's are enhanced. Using the criterion that for large Q the structure factor must become unity, the parameter ///o for the multiple scattering correction could be determined with an uncertainty of ±0.02. Thus the structure factor itself in the region of the main maximum contains an uncertainty of ±0.2. In Fig. 4 the influence of ///o on the structure factor is demonstrated. In Fig. 4a the correction was too small whereas in Fig. 4b it was too large.
To calculate the structure factor from the uncorrected curve one only needs the normalization and especially for thicker specimens the correction for multiple scattering. An absorption correction t.oo 6.00 8.00
QlX-'l can be neglected. The normalization procedure was done according to Krogh-Moe [6] .
The results thus obtained with the three electronFe-B-experiments and the X-ray-Fe-B-experiment are given in Figure 5 . The comparison with the corresponding X-ray structure factor according to [1] shows that the first maximum of the X-ray curve is larger by a factor of two, that the minimum between the first and second maxima of the X-ray diffraction curve is much more pronounced, and that the partial maximum at Q = 6.5A-! is lower in the X-ray curve than in the electron curve. Furthermore the X-ray curve is less damped. It should be stressed that most of these differences could also be observed for amorphous Germanium (see [3] ). In [3] these discrepancies, which are not a priori to be expected with a specimen consisting of a single element only, are discussed in detail.
The pair correlation function G(r) is calculated from the structure factor as Fourier transform according to (4, 6). The coordination numbers are obtained from the function A(r). Figure 6 shows the pair correlation functions G (r) for Fe8oB2o as obtained from the three experimental runs. The position of the first maximum of the pair correlation function G(r) and the coordination numbers Ni for the first coordination sphere are compiled in Table 1 .
The pair correlation functions of Fig. 6 are in good accordance with the functions reported in [7] , which were obtained by means of electron diffraction with sputtered Fe8oB2o-fihns. Table 1 . Amorphous Fe8oB2o-Electron diffraction (50 kV). Multiple scattering correction parameters I/Io, height of the first maximum G(r{) and coordination number N\. In the following the specific differences between X-ray-and electron diffraction experiments shall be considered. The weighting factors in (1) are a measure for the strength with which the diffraction of the different radiations is influenced by the structure of a binary alloy. These factors are compiled for Fe8oB2o in Table 2 .
Material

Radiation
According to Table 2 the intensity obtained with electrons as well as with X-rays is mainly determined by the Fe-Fe-correlations. The weighting factor for Fe-B amounts to 20% of that for Fe-Fe in the case of electron diffraction. Indeed the first maximum in the pair correlation function of Fig. 6 is distinctly broader than in the case of X-ray diffraction. This broadening might be caused by the superposition of the peaks of CrreFe and G-peB [1]-The stronger influence of the Fe-B-pairs in the electron diffraction experiment leads furthermore to a flattening of the minimum between the two partial maxima of the second peak of G(r). The differences in the three pictures of Fig. 6 may indicate some inhomogeneities of the various specimens.
ii) Amorphous Mn^^Si^i
Amorphous Mn73Si27 is very difficult to produce since the specimens obtained contain spurious crystalline regions. Electron diffraction allows, however, to analyze only the amorphous regions. We found these specimens to be very unstable; during six months they transformed rather completely into the crystalline state. Figure 7 shows the intensity curve as obtained without correction for multiple scattering. Figures 8 and 9 show the structure factor and the G(r)-curve, respectively. The coordination number Ni and G(ri) are compiled in Table 3 together with the corresponding X-ray data.
For the comparison of the different radiations the weighting factors in (1) must be regarded, which are compiled in Table 4 . The weighting factors for the electron-and X-rayexperiment are rather similar. Figure 10 shows the (r(r)-curves obtained in [2] using X-rays and neutrons.
Phenomenological Model for the Nearest Neighbourhood in MnrsS%
In [8, 9] a simple tetrahedral model is described which contains the normalized distances given in Table 5 . In this table also the distances normalized to the distance of the first X-ray maximum in Fig. 10 are presented for the X-ray-, the electronand the neutron case together with the designation of the maxima which corresponds to that in Figs. 9 
Maximum
and 10. We state a very good coincidence of the experimental and the calculated normalized distances. In Fig. 11 an arrangement of four tetrahedra is shown. Using this figure we will discuss the differences between the X-ray curve from Fig. 10 and the electron-curve from Figure 9 :
The position (rf = 2.7 A) of the shoulder of the first maximum yields the radius of the Mn-atom (1.35 Ä). The correspondence between the shoulder and the nearest Mn-Mn-distance is given by the result of the neutron diffraction experiment (Fig. 10 , dashed curve) which corresponds to Gcc{r)-In this Table 5 . Normalized distances r\r\ -r\2.59 according to the model from Ref. [8, 9] , the X-ray and neutron-experiment (Fig. 10) as well as the electron experiment ( Figure 9 ). curve minima represent distances between unequal pairs and maxima represent distances between equal pairs. In the same way the main peak of the first maximum (2.45 Ä) is ascribed to a Mn-Si-distance which thus yields a radius of a Si-atom (1.1 Ä). The radius of the Mn-atom corresponds to the atomic radius given in the literature, whereas the radius of the Si-atom corresponds to the covalent radius. This result is in agreement to the radii given in [1] for Fe8()B20 and points on strong binding between Si and Mn. Concerning the atomic arrangement in Fig. 11 it should be mentioned that for ease in the calculation only one atom, namely Al was chosen to be either a Si-or a Mn-atom. In reality also the one or other of the Mn-atoms A 2 to A 7 will be replaced by a Siatom. In Table 6 all calculated Mn-Si-and Mn-Mndistances around the partial maxima r\i, rfj, and r n are given. The normalization to /i -2.59 Ä was done as in Table 5 .
The comparison between the normalized distances from Table 6 with the experimental ones from Table 5 yields the following: The partial maximum rh lies according to Table 5 at 1.66 for the X-ray-and at 1.62 for the electron-diffraction experiment. This means that the maximum obtained with X-rays lies closer to the Mn-Mn-distances (1.70; 1.75) of Table 6 than the maximum obtained with electrons. This fact is to be expected according to the weighting factors of Table 4 . However, it yields no information concerning the frequency of occurrence of the corresponding distances within the specimen. This question can be answered using the results of the neutron diffraction experiment for which according to Table 4 the totals of the weighting factors for Mn-Mn and M-Si are equal. The impartial maximum in Fig. 10 measured with neutrons is positive and this means that indeed the Mn-Mn-distances at rh dominate within the amorphous Mn73Si27-specimen.
The partial maximum rfj lies according to Table 6 . Normalized Mn-Siand Mn-Mn-distances according to Figure 11 .
are rather equal to the Mn-Si-distance of 1.99 in Table 6 . Furthermore, this coincides with the fact that the neutron diffraction experiment shows at 1.90 a negative maximum which is caused by Mn-Si distances. Attention should be drawn to the schematic presentation in the lower part of Fig. 11 , in which the distances of the model are attributed to the partial maxima as obtained with the G(R)-curves.
Determination of the Three Partial Structure Factors by a "Three Beam Experiment"
In the following some considerations will be given concerning the possibility of the determination of the three partial structure factors $NN, , and $NC by a "three beam experiment" i.e. by combining the result of an X-ray, a neutron-and an electron diffraction experiment. The starting point is given by a system of the three linear equations (compare (8)):
The weighting factors for the X-ray-and the electron-diffraction experiment depend on Q as does the normalized determinant
The magnitude of [ DET] (5S1) is a measure for the solubility of the system of three equations. Especially for the Mn73Si27-alloy it amounts to 0.117 for the Bhatia-Thornton-structure factors for Q = 0 and looks very convenient if we take into consideration the corresponding values for FesoB2o (Ref. [1] ) or Ni8oB2o (Ref. [10] ) of 0.06 or 0.3. These figures are valid if one performs on Fegc^o two neutronand one X-ray experiment and on NisoB2o three neutron experiments. In Fig. 12 the normalized determinant for the calculation of the Bhatia-Thornton partial structure factors for amorphous Mn73Si27 is presented versus Q for the three beam experiment. The drastical decrease of [DET] is obvious and we recognize the normalized determinant to become zero for Q^.5.7 Ä -1 , i.e. just in the Q-region between the second and third maximum. Thus a solution of the system of three linear equations becomes impossible especially if we regard the fact that nowadays also with the very best instrumental technique available the relative experimental errors during the determination of total structure factors with amorphous specimens amount to ±3°/o for X-rays as well as neutrons and to ± 10% for electrons. The run in Fig. 12 is the result of the fact, that the fundamental scattering process for an electron and an X-ray quantum is rather similar. The very small values for /DET/ show that a straightforward calculation of the three partial structure factors is not possible from total structure factors measured by three different radiations. This becomes evident also by the following three equations which show for $ = 5.72 Ä" 1 the calculation of the three partial structure factors from the three total functions : The weighting factors lead to very large uncertainties also if the experimental errors could be appreciably reduced, which at the moment seems by no means possible.
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